Objectives: To evaluate the current status of urological laparoendoscopic single-site and reduced port surgery in Japan. Methods: Of the 152 institutions to which councilors of the Japanese Society of Endourology belong, 42 (28%) have carried out laparoendoscopic single-site and reduced port surgery. A total of 32 of these institutions agreed to participate in this survey. Patients who had undergone surgery between January 2008 and March 2014 were included in the present study. Results: Overall, 1145 cases of laparoendoscopic single-site and reduced port surgery were recorded during the study period. The most frequent procedures were adrenalectomy and radical nephrectomy. Laparoendoscopic single-site and reduced port surgery represented 12% (872/7311) of all laparoscopic procedures carried out at participating institutions. The number of patients who underwent pyeloplasty, donor nephrectomy and simple nephrectomy tended to increase, whereas those who underwent adrenalectomy, radical nephrectomy and nephroureterectomy peaked in 2012, and then tended to decrease in 2013. The rates of conversion, perioperative and postoperative complications, were 2.7%, 2.2% and 4.5%, respectively. Conclusions: The number of laparoendoscopic single-site and reduced port urological surgeries in Japan has increased for benign indications, such as pyeloplasty, donor nephrectomy and simple nephrectomy. In contrast, procedures such as adrenalectomy and radical nephrectomy are trending down after reaching a peak in 2012. Overall, laparoendoscopic single-site and reduced port urological surgery in Japan is being safely carried out when compared with other reported series of laparoendoscopic single-site surgery and conventional laparoscopic surgery.
Introduction
RPS is an operative procedure that has recently attracted considerable attention as the nextgeneration of minimally invasive laparoscopic surgery. 1, 2 Its merits include provision of better cosmetic outcomes and the alleviation of pain, while ensuring straightforward manipulation and safety of the procedure by reducing the number of trocars required for triangulation in C-LAP. The ultimate form of RPS is LESS.
There have been numerous reports on the application of LESS in urological laparoscopic surgery for a number of diseases [3] [4] [5] [6] [7] [8] since its indication for adrenalectomy by Hirano in 2005 9 and for nephrectomy by Raman in 2007. 10 In 2011, the largest multi-institutional analysis of LESS undertaken at that point (1076 procedures) generated the following conclusions: when LESS is carried out by experienced laparoscopic surgeons, the risk of complications remains low provided stringent patient selection criteria are applied. The same group subsequently analyzed the risk factors for complications and conversions in a larger series of 1163 urological LESS procedures, 11 and concluded that such procedures can be carried out with a low complication rate by experienced surgeons, being similar to that reported for major laparoscopic series.
Thus, a surgical procedure using a skin incision of 2-3 cm in width provides several merits, such as excellent cosmetic outcomes and the alleviation of pain. However, LESS through a small skin incision is a highly difficult procedure, and the European Association of Urology Guidelines for LESS should be favored in cases where cosmesis is of paramount importance; only experienced laparoscopic surgeons should embark on this technique. 12 Although LESS/RPS in the field of urology is technically highly difficult, use of these surgical techniques has been gradually spreading in Japan with a view to seeking better cosmetic outcomes and less invasiveness since Hirano reported in 2005 that LESS/RPS was superior to C-LAP as a form of minimally invasive surgery. 9 Recently, Sato reported the experience of nine institutions where LESS had been adopted in Japan; 13 however, a nationwide survey in Japan of this operative procedure has not yet been carried out. We thus carried out a nationwide survey to evaluate the current situation regarding the performance of LESS/RPS by urologists in Japan.
Methods
Of the 152 institutions to which councilors of the Japanese Society of Endourology belong, 42 (28%) carried out LESS/ RPS, and 32 of these approved participation in this survey. Patients who had undergone LESS/RPS between January 2008 and March 2014 were included in the study.
The types of surgery were defined as follows: one skin incision for access of the camera and instruments with or without the use of an additional 5-mm or smaller trocar was considered as LESS. 12 The addition of more than one extra 5-mm trocar or two extra trocars of <5 mm was considered as RPS. 14 The use of unplanned installation of more than one trocar to complete the procedure was considered as conversion to C-LAP.
Procedures were divided into six main categories, namely AD, RN, PP, DN, SN and NU, though additional procedures were used. Although the number of radical prostatectomies was relatively high, this was not included as one of the six main procedures, as it was carried out in just two institutions. We also investigated the number of patients undergoing the six main procedures by C-LAP during the same period.
Demographic data of patients, operative procedures and operative outcomes for the six main procedures were analyzed retrospectively. Postoperative complications were described in accordance with the classification of Clavien-Dindo. 15 The present study was designed by the LESS Working Group after approval by the Japanese Society of Endourology, and was approved by the respective institutional review boards.
Results
A total of 1145 patients underwent various types of LESS/ RPS (Table 1) . LESS was completed in 86.7% of all patients, in 94.5% of patients undergoing the six main procedures and in 64.9% undergoing other procedures. The most frequent procedure was AD, followed by RN.
The number of LESS/RPS in patients aged ≤18 years was 68 (6%). LESS/RPS for this age group accounted for high percentages in PP (40%), SN (44%), urachal surgery (25%) and varicocelectomy (50%). Of 32 institutions, AD was carried out in 26 (81%) and was the most common type of surgery, followed by RN (59%).
The total number of the six main laparoscopic procedures including C-LAP in the study period was 7311 (Table 2) , and LESS/RPS was carried out in 872 of these (12%). The percentage of LESS/RPS for all laparoscopic procedures was highest in AD and PP (22% in both cases). Figure 1 shows the annual number of patients undergoing the six main LESS/RPS procedures between 2008 and 2013. We excluded data obtained in 2014 from the annual number analysis because of lack of data for the months of April to December. The number of patients who underwent PP, DN and SN tended to increase. In contrast, the number of patients who underwent AD, RN and NU peaked in 2012, and then tended to decrease in 2013. However, the number undergoing AD was still the highest. Figure 2 shows the annual changes in the percentages undergoing the six main LESS/RPS procedures for all laparoscopic procedures including C-LAP. For PP, DN and SN, the percentages tended to increase, whereas those undergoing AD, RN and NU showed a peak in 2012, which then tended to decrease in 2013.
Regarding demographic data for the 872 patients subjected to the six main LESS/RPS procedures, the mean age was 54.2 AE 14 years, and the mean body mass index was 23.1 AE 2.9 kg/m 2 . The percentages of males and left side procedures were 51% and 66.9%, respectively. Regarding relevant operative data related to the surgical procedures, the transperitoneal approach was used in 83.1% of cases. For AD, PP and DN, all patients were treated by the transperitoneal approach. The most common site of access was the umbilicus (51%). As for the single-port platforms, we used GelPoint/GelPort (Applied Medical, Rancho Santa Margarita, CA, USA) in 320 patients (36.7%), SILSport (Covidien, Dublin, Ireland) in 277 patients (31.8%), EZ Access (Hakko, Tokyo, Japan) in 135 patients (15.5%), homemade devices in 67 patients (7.7%), Triport/Quadport (Advanced Surgical Concepts, Bray, Ireland) in 20 patients (2.3%), OCTO port (DalimsurgNET, Seoul, Korea) in 12 patients (1.4%) and other platforms in 41 patients (4.7%).
The mean incision length was 3.9 AE 1.3 cm in all patients, whereas it was 2.7 AE 0.57 cm in patients undergoing AD and PP, for whom the necessity of elongation of the wound for extraction is low. Flexible and 5-mm endoscopes were used for 74.3% and 85.4% of cases, respectively. Articulating instruments were used for 45.3% of cases. Table 3 shows the surgical outcomes of the six main LESS/RPS procedures. The mean operation time and blood loss for all cases were 209 min and 67 mL, respectively. The mean postoperative hospital stay was 8.6 days for all patients. Seven (0.8%) patients received an allogenic transfusion. Eight (0.9%) and 16 (1.8%) patients were converted to C-LAP and open surgery, respectively.
Intraoperative complications developed in 19 patients (2.2%; Table 4 ). Vascular injury was the most common complication.
Postoperative all-grade Clavien-Dindo complications developed in 39 patients (4.5%), and complications of grade III or higher were found in six patients (0.7%; Table 5 ). 
Discussion
In Japan, LESS-AD was first reported by Hirano in 2005, 9 and LESS-PP and varicocele surgery were reported by Kawauchi in 2010. 16 In the present study, 42 (28%) of 152 institutions implemented LESS/RPS procedures, whereas C-LAP was carried out in all institutions surveyed. In contrast, the percentage of patients undergoing LESS/RPS was 12% of the total number of patients undergoing laparoscopic surgeries for the six main procedures. According to a worldwide multi-institutional analysis of 1076 patients reported by Kaouk et al., the percentage of patients undergoing LESS/ RPS accounted for 15% of the total number of patients undergoing laparoscopic surgery including robotic surgery, which was slightly higher than that in the present study.
14 Thus, LESS/RPS procedures were carried out in selected institutions for selected patients. In this situation, LESS/RPS for patients aged ≤18 years was carried out in 6% of all LESS/RPS cases. In particular, the percentages undergoing PP (40%), SN (44%) and varicocelectomy (50%) were high. This might indicate that LESS/RPS in such procedures is a good indication for pediatric patients. AD was the most frequently carried out of the six main LESS/RPS procedures. Not only the number, but also the percentage of LESS/RPS procedures in all laparoscopic surgeries and numbers of institutions carrying out LESS/RPS were the highest for AD. According to Kaouk et al., a large number of patients underwent renal procedures, such as RN and SN, whereas the number undergoing AD was small.
14 In contrast, Wang et al. reported that AD was the most suitable LESS procedure, because it required neither extension of the incision to remove the specimen at the end of surgery, nor intraoperative reconstruction. 17 PP might be a preferred procedure for the same reason, and accounted for 22% of all laparoscopic surgeries.
In the report by Kaouk et al, the number of patients undergoing LESS tended to decrease after peaking in 2009.
14 Similarly, in the present study, the numbers and percentages of LESS/RPS tended to decrease after peaking in 2012 in Japan. Although the numbers and percentages of AD were still high, they tended to decrease after peaking in 2012. The percentages of PP, DN and SN were high, and tended to increase in the study period. In contrast, the percentages of RN and NU in all laparoscopic surgeries were low (8% and 4%, respectively), and the numbers and percentages decreased in the study period. Some reports showed that operative outcomes including cancer control of RN were similar to those obtained with C-LAP, whereas cosmetic outcomes, alleviation of postoperative pain and recovery time were superior in RN. [18] [19] [20] However, these results were based on patient selection, as only a small percentage of patients underwent these types of surgery. This might signify that the indication of LESS/RPS was becoming confined to surgery for benign diseases.
Regarding the surgical outcomes of LESS/RPS in Japan as compared with those reported by Kaouk et al., the mean operation time and hospitalization period after surgery for all cases in Japan were 209 min (160 min by Kaouk et al.) and 8.6 days (3.6 days by Kaouk et al.) , respectively, showing that these tended to be longer in Japan.
14 Blood loss during surgery was less in Japan, whereas incision length was similar in the two studies. The total conversion rate to C-LAP and open surgery in Japan (2.7%) was lower than by Kaouk et al. (5.0%). Furthermore, the incidence of perioperative and postoperative complications of 2.3% and 4.5%, respectively, in Japan was lower than the value of 3.3% and 9.5% reported by Kaouk et al. These results show that surgical safety outcomes of LESS/RPS were better in the present study.
Permpongkosol et al. reported on the incidence of complications in 2775 patients subjected to C-LAP. 21 These authors found that the open conversion rate was 2.7%, and the incidences of perioperative and the postoperative complications was 4.7% and 17.5%, respectively. Among these complications, the percentage classified as grade III or higher was 3.1% according to the Clavien-Dindo classification. In the present survey, the open conversion rate was 1.8%, and the incidence of perioperative and postoperative complications was 2.2% and 4.5%, respectively. Among these complications, the percentage classified as grade III or higher was 0.7%. These results show that LESS/RPS carried out in Japan are safer than C-LAP, as reported by Permpongkosol et al. This is thought to be because patients were carefully selected, and surgical procedures were carried out by experienced laparoscopic surgeons.
Although the present survey did not include all institutions concerned with urology in Japan, it is the largest survey carried out to date in Japan in respect to the number of institutions and patients involved. Therefore, the present results are thought to reflect the current situation regarding LESS/RPS in Japan.
In conclusion, use of LESS/RPS tended to increase in surgeries for treatment of benign conditions, such as PP, DN and SD. Although there were many cases of AD and RN in the number of procedures reported, the number of patients who underwent AD and RN peaked in 2012, and then tended to decrease in 2013. LESS/RPS interventions in Japan were carried out safely compared with those described in previous LESS and C-LAP reports.
